The stellar group surrounding the Be (B1Vpe) star 25 Orionis was discovered to be a pre-main-sequence population by the Centro de Investigaciones de Astronomia (CIDA) Orion Variability Survey and subsequent spectroscopy. We analyze Sloan Digital Sky Survey multi-epoch photometry to map the southern extent of the 25 Ori group and to characterize its pre-main-sequence population. We compare this group to the neighboring Orion OB1a and OB1b subassociations and to active star formation sites (NGC 2068/NGC 2071) within the Lynds 1630 dark cloud. We find that the 25 Ori group has a radius of 1.4
Introduction
The pre-main-sequence 25 Orionis group has been recently identified by the Centro de Investigaciones de Astronomia Variability Survey of Orion (CVSO; Briceño et al. 2005a ) on the basis of multi-epoch imaging and follow-up spectroscopy. 25 Ori has also been noted by Kharchenko et al. (2005) as a candidate open cluster, ASCC 16, based on analysis of the All-Sky Compiled Catalogue of 2.5 Million Stars (ASCC-2.5; Kharchenko 2001 200.96, -18.2) . Spectroscopically confirmed candidate group members are found within one degree from 25 Orionis (Briceño et al. 2005b ).
We use multi-epoch imaging by the Sloan Digital Sky Survey (SDSS) to select candidate pre-main-sequence (PMS) objects based on variability and location in color-magnitude diagrams. The SDSS imaging within the Orion region spans the declination range of -1.25
• to +1.25
• , thereby covering the southern edge of the 25 Ori group within 0.6
• of the central Be star.
In this paper we examine the PMS populations near 25 Orionis to determine the observational characteristics and spatial extent of this group. In §2 we describe the SDSS equatorial imaging survey in the Orion region. §3 revisits the classification scheme of McGehee et al. (2005) for PMS candidates based on multi-band variability. In §4 we present our results, and in §5 we discuss our findings, conclusions, and future work.
Observations

Photometry
The SDSS low Galactic latitude data which includes the Orion equatorial imaging used in this work are presented by Finkbeiner et al. (2004) . The SDSS multi-epoch imaging data used in this paper as well as the selection for candidate low-mass pre-main sequence objects are discussed in McGehee et al. (2005) . Here we describe the salient features of the SDSS drift-scanned imaging.
The SDSS obtains deep photometry with asinh magnitude (Lupton, Gunn, & Szalay 1999) limits (defined by 95% detection repeatability for point sources) of u = 22.0, g = 22.2, r = 22.2, i = 21.2 and z = 20.5. These five passbands, ugriz, have effective wavelengths of 3540, 4760, 6290, 7690, and 9250Å, respectively . A technical summary of the SDSS is given by York et al. (2000) . The SDSS imaging camera and telescope are described by Gunn et al. (1998) and Gunn et al. (2006) , respectively. Ivezić et al. (2004) discuss the data management and photometric quality assessment system. The Early Data Release and the Data Release One are described by Stoughton et al. (2002) and Abazajian et al. (2003) . The former includes an extensive discussion of the data outputs and software. Pier et al. (2003) describe the astrometric calibration of the survey and the network of primary photometric standard stars is described by Smith et al. (2002) . The photometric system itself is defined by Fukugita et al. (1996) , and the system which monitors the site photometricity by Hogg et al. (2001) . Abazajian et al. (2003) discuss the differences between the native SDSS 2.5m ugriz system and the u ′ g ′ r ′ i ′ z ′ standard star system defined on the USNO 1.0 m (Smith et al. 2002) . The Two-Micron All Sky Survey 2MASS (2MASS; Skrutskie et al. 1997 ) obtained nearly complete coverage of the sky in JHK s .
Comparison of CIDA and SDSS Survey Coverage
The SDSS Orion equatorial data consist of a 2.5
• wide stripe centered on the celestial equator. For this work we consider the 37.5 deg 2 bounded in R.A. by 5 h to 6 h that lies completely within the CVSO survey region. While the temporal sampling by the SDSS imaging is much sparser with at most 7 observations per target over a span of nearly 5 years, the SDSS survey is deeper and thus is able to detect low-mass and very-low-mass objects.
There are 197 spectroscopically confirmed Weak-lined T Tauris (WTTS) and Classical T Tauris (CTTS) found by the CVSO survey (Briceño et al. 2005a) . Out of the 76 that are located within the SDSS equatorial scans, we find that 10 are identified in the SDSS low-mass star study (McGehee et al. 2005 ) which selected for M dwarf colored stars on the basis of (r − i) > 0.6 and Q riz > 0.35, where the latter is a reddening-invariant index formed by the SDSS riz magnitudes (see §3.1 below). These matches are listed in Table 1 . The complete set of WTTS and CTTS candidates identified in the SDSS survey are presented in Table 2 . These tables include object classification based on multi-band variability into non-PMS, WTTS, and CTTS as discussed in §3.2 below. Within §3.3 we investigate the effectiveness of selection and classification of PMS objects based solely on variability.
E(x − y)/E(y − z). For passbands defined at wavelengths less than 1µm, Q xyz is dependent upon the assumed ratio of general to selective extinction (R V = A V /E(B − V ); Cardelli, Clayton, & Mathis (1989) ). Here xyz refer to the specific passbands, e.g. ugrizJHK S , and E(x − y) is the color excess due to reddening of the x − y color. This definition of reddening-invariant colors follows Johnson & Morgan (1953) in that in our notation their original Q would be written as Q U BV . In the (x − y, y − z) color-color diagram the Q xyz axis is perpendicular to the reddening vector. These indices are discussed in full by McGehee et al. (2005) .
We use the extinction tables derived by D. Finkbeiner 1 to define the coefficients used in defining reddening-invariant colors. These tables contain the A X /E(B − V ) values for the SDSS ugriz filters for specific values of R V and source spectra. The values we present here are obtained using an F dwarf source spectrum and R V = 3.1 which is the standard extinction law found in the diffuse ISM.
In this work we use optical and near-IR indices Q riz = (r − i) − 0.987(i − z) and Q JHK = (J − H) − 1.563(H − K). We also employ reddening-invariant magnitudes constructed from linear combinations of observed magnitudes and colors. Here we use a near-IR reddeninginvariant magnitude
The numerical terms in the Q JHK and J J−H definitions are based on the reddening coefficients of Schlegel, Finkbeiner, & Davis (1998) . The notation follows that of Babusiaux & Gilmore (2005) who used K sJ−Ks to determine distances to red clump stars in the inner Galactic bulge. We chose the combination of the J and H bands to minimize the effect of thermal emission from the inner circumstellar disk.
Comparison of Variability and Near-IR Disk Indicators
In McGehee et al. (2005) we identified candidate PMS objects on the basis of σ g > 0.05, where the subset flagged as possible CTTS rather than WTTS were selected by σ z > 0.05. Here σ g and σ z are the standard deviations in the g and z bands measured over all observations for a star. Application of these criteria to a comparison field yielded possible contamination fractions of 8.7% for all PMS candidates (WTTS and CTTS) and of 2.9% for CTTS only. The majority of the contaminants are likely foreground active M dwarfs (dMe).
In this work we improve these selection criteria by comparing the SDSS multi-band variability against the intrinsic near-IR excess computed from 2MASS observations. This procedure assumes that the high-amplitude variability and near-IR excess are both due to the presence of an inner circumstellar disk with the former generated by magnetospheric accretion processes and the latter by disk thermal emission.
Due to the low-mass and very-low-mass nature of our sample we need to be concerned about the contrast between the stellar photospheric emission and that from the inner circumstellar disk. Liu, Najita, & Tokunaga (2003) note that the K band excess vanishes for spectral types of M6 and later, thereby making use of longer wavelength bands such as L and M critical for detection of circumstellar disks around very-low-mass stars and young brown dwarfs. In Figure 2 we see that, based on the Baraffe et al. (1998) [BCAH98] isochrones and the Luhman (2003) PMS temperature scale, a 2 Myr old star in the Orion OB1b subassociation with a spectral type between M5 and M6 would have J J−H = 12.0. We adopt this as the faint magnitude limit for reliable detection of K band disk emission in our study.
We begin by defining a reddening-invariant near-IR excess, ∆Q JHK , relative to the stellar locus in the (Q JHK , J J−H ) color-magnitude diagram. In Figure 3 we present the BCAH98 isochrones for Orion OB1a and Orion OB1b in this reddening-invariant near-IR color-magnitude diagram. The steepening of the stellar locus for the brighter stars motivates us to define a bright limit of J J−H = 9.6. The isochrones for Orion OB1a and OB1b lie nearly on top of each other for 9.6 < J J−H < 12.0. A least-squares fit gives Q JHK = 1.986 − 0.157J J−H in this magnitude range, thus we define ∆Q JHK = Q JHK − (1.986 − 0.157J J−H ).
In order to determine the reddening-invariant colors of disk candidates we first consider the CTTS locus of Meyer, Calvet, & Hillenbrand (1997) which, in the (J − H, H − K) colorcolor diagram, is (J − H) = 0.58(H − K) + 0.52. For a star on the CTTS locus an increase in (H − K) of δ(H − K) implies δQ JHK = −0.98δ(H − K) and δJ J−H = 0.58δ(H − K) with the resulting δ∆Q JHK = −1.23δ(H − K). Therefore we expect CTTS candidates to have ∆Q JHK < 0, that is, found to the left of the stellar locus in the (Q JHK , J J−H ) diagram.
Examination of Figures 4 and 5, in which the standard deviations in g and z are compared against ∆Q JHK for stars having 9.6 < J J−H < 12.0, reveals that the criteria used by McGehee et al. (2005) for detection of CTTS candidates are insufficently stringent. Specifically, the threshold for variability in the g band that matches the onset of significant near-IR excess is σ g = 0.2, i.e., a factor of four greater than used in McGehee et al. (2005) . The stars selected by these new criteria (diamonds) and having J J−H < 12 show near-IR excess in the (Q JHK , J J−H ) CMD (Figure 3 ).
The Effectiveness of Classification by Variability Alone
We see in Table 1 that some discrepancies exist between the results of the variabilitybased classification scheme in this work and those obtained by analysis of optical spectra in Briceño et al. (2005b) . Out of the 7 WTTS we find that the SDSS survey agrees on 4 objects, classing the remaining 3 as non-PMS. For the 3 confirmed CTTS, we class 2 as WTTS and 1 as non-PMS.
We use the full sample of Briceño et al. (2005b) to assess the effectiveness of distinguishing WTTS and CTTS based on a threshold value of σ V . For each threshold value of σ V we identify WTTS candidates as those with σ V below this threshold and CTTS candidates those RMS values exceeed this threshold. In this collection of stars from both the Orion OB1a and OB1b subassociations there are N W T T S = 138 WTTS and N CT T S = 38 CTTS, giving a CTTS or inner disk fraction of 21.7%. We begin by examining the Cumulative Distribution Function (CDF) for σ V for both types of PMS stars. In Figure 6 we see that while the CTTS clearly tend to have higher σ V values than the WTTS, there do exist both high-amplitude WTTS and low-amplitude CTTS, thus using the amplitude or, in our case, the RMS of the variability will not be perfectly efficient.
To measure the selection efficiency we consider two selection metrics, the accuracy and the computed CTTS fraction. In order to assess the ability to classify individual stars as WTTS or CTTS we use the accuracy, defined as
where N T P and N F P are the number of true positives and false positives, respectively. We also look at computed CTTS fraction, given by
In Figure 7 we plot both of these selection metrics against the threshold value of σ V . We find that the peak accuracy of ∼0.4 is found for a threshold value of 0.1 magnitudes and that the computed CTTS fraction is close to the actual CTTS fraction for σ V thresholds between 0.1 and 0.15 magnitudes. Since the variability amplitude in CTTS increases sharply at shorter wavelengths, with typical values of σ B /σ V ∼ 1.3 (Herbst et al. 1994) , we might expect that the optimal threshold for WTTS/CTTS differentiation using the SDSS g band, which has a similar effective wavelength as B, may be in the range of 0.13 to 0.2 magnitudes. This suggests that the computed CTTS fraction in our work, which is based on a σ g threshold of 0.2 magnitudes, may not be unreasonable.
Results
Distribution
The 25 Orionis group is evident in a surface density plot of candidate PMS stars that are identified on the basis of σ g > 0.05. In Figure 8 there are three obvious groupings of PMS stars which, in order of increasing R.A., are the 25 Ori group, the Orion OB1b subassociation, and the NGC 2068/NGC 2071 star formation site in the L1630 cloud. The surface densities are computed on a 1.0
• by 0.25 • grid in R.A. and Dec. with the peak value of 68 stars deg −2 found at the center of the Ori OB1b subassociation.
We look for the southern extent of the 25 Ori group by computing the surface density of the PMS candidates as a function of radial distance from the Be star 25 Orionis. Due to the center of the group being outside of the SDSS imaging area we compute the areas for each radial bin as r+∆r r
2rcos
−1 (d/r)dr where the radial bin size ∆r = 0.4
• , the distance between 25 Ori and the SDSS imaging area d = 0.6
• , and r ≥ d.
In Figure 9 we see that the 25 Ori group blends into the surrounding dispersed PMS population of Ori OB1a at distances greater than 1.4
• from the Be star 24 Orionis. In contrast, the NGC 2068/NGC 2071 complex is much more compact and contained within a radius of 0.6
• , as measured from the center of NGC 2071. The near-IR survey of (Lada et al. 1991 ) of L1630, complete to K = 13, showed that the four active star formation sites in L1630 are tightly clustered with typical effective radii of 0.1
• or less. Therefore most of this spatial extent is accounted for by the 0.3
• separation between individual NGC 2068 and NGC 2071 protoclusters. Futhermore, the submillimeter dust continuum study of NGC 2068/NGC 2071 at 450 µm and 850µm by Motte et al. (2001) shows that each of these protoclusters consist of filamentary dense cores.
In Figure 10 , which plots the individual stars within a 4
• by 4
• region centered on 25 Orionis, the clustering of candidate PMS objects around the central Be star is evident. For comparison, Figure 11 shows the same sized region around the NGC 2068/NGC 2071 star formation site. In each of these figures we identify the SDSS low-mass WTTS and CTTS candidates and the spectroscopically confirmed T Tauris from the CVSO.
CTTS Fraction
We examine the relative fraction of CTTS candidates, defined as N(CTTS)/(N(CTTS) + N(WTTS)), using the same 1.0
• by 0.25
• spatial grid as used by the surface density map (Figure 8 ). We compute this fraction for each spatial bin that contains five or more PMS candidates. As seen in Figure 12 the peak fraction is found in the NGC 2068/NGC 2071 complex, which is an active star formation site. The CTTS fraction is somewhat less in the ∼ 2 Myr Ori OB1b association, and diminished in the 25 Orionis group.
Examination of the CTTS fraction, using the radial bins defined in Figure 9 , shows that the core of the L1630 site has a CTTS fraction of 0.7 ± 0.35. This is consistent with the disk fraction of 0.85±0.15 found by Haisch et al. (2001) for another L1630 star formation site, the 0.3 Myr NGC 2024 protocluster. In the southern flanking fields of 25 Ori, however, the CTTS fraction is ∼ 0.1. This is suggestive of an relatively older population than in L1630 or Orion OB1b since the CTTS fraction decreases with age, due to typical circumstellar disk lifetimes of order 1 to 10 Myr (Kenyon & Hartmann 1995) .
Discussion and Conclusions
We have mapped the southern extent of the 25 Ori group using multi-epoch imaging by the Sloan Digital Sky Survey. By studying the surface densities of PMS candidates in radial bins centered on the Be star 25 Ori, we see that the low-mass population of the 25 Ori group extends out to ∼ 1.4
• . This corresponds to a physical radius of 8 to 11 pc, based on distances of 330 pc (for Ori OB1a) and 440 pc (for OB1b), respectively.
The majority of young (< 15 Myr) clusters have radii less than a few pc (van den Bergh 2005) . While there exist young clusters that have significantly larger physical dimensions these are probably not gravitationally bound. The large spatial extent of the 25 Ori group suggests that it is an unbound association, rather than a open cluster, although this is a preliminary classification based only on the southern flanking fields.
Comparison of variability and near-IR excess have led to the adoption of selection criteria for CTTS candidates based on multi-band variability that are σ g > 0.2 and σ z > 0.05, with the g band criterion a factor of four times more restrictive than used in McGehee et al. (2005) . By classifying objects on the basis of multi-band variability as probable WTTS or CTTS candidates we detect the known star formation complexes in the Orion equatorial region (L1630 and Orion OB1b) by virtue of their high CTTS fraction, with the core of the NGC 2068/NGC 2071 complex in the northern portion of the L1630 cloud having a CTTS fraction ∼ 0.7.
We find that both the 25 Ori group and the Orion OB1a subassociation have CTTS fractions of ∼0.1, similar to that found by Briceño et al. (2005b) . In Figure 12 . of Briceño et al. (2005b) we that this CTTS, or inner disk, fraction, is consistent with ages between 5 Myr and 30 Myr. • to 1.0 • . We estimate the outer radius of the 25 Ori group as 1.4
• and that of the northern L1630 protocluster as 0.6
• . The ±1σ error bars are computed based on Poisson statistics. • . The candidate low-mass stars observed for least 2 epochs by the SDSS are shown as points. b Preliminary classification as not PMS (-), WTTS (W) or CTTS (C) based on multi-band variability.
c Classification as WTTS (W) or CTTS (C) on the basis of optical spectroscopy (Briceño et al. 2005b ). 
